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CHAPTER 3

BOILER EMISSIONS

3-1. Generation processes (2) Residuals. Residual fuel oils (No.4, No.5,
The combustion of a fuel for the generation of steam or
hot water results in the emission of various gases and
particulate matter. The respective amounts and chem-
ical composition of these emissions formed are depen-
dent upon variables occurring within the combustion
process. The interrelationships of these variables do not
permit direct interpretation by current analytical
methods. Therefore, most emission estimates are based
upon factors compiled through extensive field testing
and are related to the fuel type, the boiler type and size,
and the method of firing. Although the use of emission
factors based on the above parameters can yield an
accurate first approximation of on-site boiler
emissions, these factors do not reflect individual boiler
operating practices or equipment conditions, both of
which have a major influence on emission rates. A
properly operated and maintained boiler requires less
fuel to generate steam efficiently thereby reducing the
amount of ash, nitrogen and sulfur entering the boiler
and the amount of ash, hydrocarbons, nitrogen oxides
(NO ) and sulfur oxides (SO ) exiting in the flue gasx     x

stream. Emissions from conventional boilers are dis-
cussed in this chapter. Chapter 13 deals with emissions
from fluidized bed boilers.

3-2. Types of fuels
a. Coal. Coal is potentially a high emission produc-

ing fuel because it is a solid and can contain large
percentages of sulfur, nitrogen, and noncombustibles.
Coal is generally classified, or “ranked”, according to
heating value, carbon content, and volatile matter. Coal
ranking is important to the boiler operator because it
describes the burning characteristics of a particular
coal type and its equipment requirements. The main
coal fuel types are bituminous, subbituminous,
anthracite, and lignite. Bituminous is most common.
Classifications and analyses of coal may be found in
"Perry's Chemical Engineering Handbook".

b. Fuel oil. Analyses of fuel oil may be found in
"Perry's Chemical Engineering Handbook".

(1) Distillates. The lighter grades of fuel oil
(No.1, No.2) are called distillates. Distillates
are clean burning relative to the heavier
grades because they contain smaller amounts
of sediment, sulfur, ash, and nitrogen and can
be fired in a variety of burner types without a
need for preheating.

No.6) contain a greater amount of ash, sedi-
ment, sulfur, and nitrogen than is contained in
distillates. They are not as clean burning as
the distillate grades.

c. Gaseous fuel. Natural gas, and to a limited extent
liquid petroleum (butane and propane) are ideally
suited for steam generation because they lend them-
selves to easy load control and require low amounts of
excess air for complete combustion. (Excess air is
defined as that quantity of air present in a combustion
chamber in excess of the air required for stoichiometric
combustion). Emission levels for gas firing are low
because gas contains little or no solid residues,
noncombustibles, and sulfur. Analyses of gaseous fuels
may be found in "Perry's Chemical Engineering
Handbook”.

d. Bark and wood waste. Wood bark and wood
waste, such as sawdust, chips and shavings, have long
been used as a boiler fuel in the pulp and paper and
wood products industries. Because of the fuel's rela-
tively low cost and low sulfur content, their use outside
these industries is becoming commonplace. Analyses
of bark and wood waste may be found in
Environmental Protection Agency, "Control
Techniques for Particulate Emissions from Stationary
Sources”. The fuel's low heating value, 4000-4500
British thermal units per pound (Btu/lb), results from
its high moisture content (50-55 percent).

e. Municipal solid waste (MSW) and refuse derived
fuel (RDF). Municipal solid waste has historically been
incinerated. Only recently has it been used as a boiler
fuel to recover its heat content. Refuse derived fuel is
basically municipal solid waste that has been prepared
to burn more effectively in a boiler. Cans and other
noncombustibles are removed and the waste is reduced
to a more uniform size. Environmental Protection
Agency, "Control Techniques for Particulate Emissions
from Stationary Sources" gives characteristics of refuse
derived fuels.

3-3. Fuel burning systems
a. Primary function. A fuel burning system provides

controlled and efficient combustion with a minimum
emission of air pollutants. In order to achieve this goal,
a fuel burning system must prepare, distribute, and mix
the air and fuel reactants at the optimum concentration
and temperature.
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b. Types of equipment. A fuel oil heated above the proper viscosity
(1) Traveling grate stokers. Traveling grate stokers may ignite too rapidly forming pulsations and

are used to burn all solid fuels except heavily zones of incomplete combustion at the burner
caking coal types. Ash carryout from the tip. Most burners require an atomizing viscosity
furnace is held to a minimum through use of between 100 and 200 Saybolt Universal
overfire air or use of the rear arch furnace Seconds (SUS); 150 SUS is generally specified.
design. At high firing rates, however; as much (5) Municipal solid waste and refuse derived fuel
as 30 percent of the fuel ash content may be burning equipment. Large quantities of MSW
entrained in the exhaust gases from grate type are fired in water tube boilers with overfeed
stokers. Even with efficient operation of a grate stokers on traveling or vibrating grates. Smaller
stoker, 10 to 30 percent of the particulate quantities are fired in shop assembled hopper or
emission weight generally consists of unburned ram fed boilers. These units consist of primary
combustibles. and secondary combustion chambers followed

(2) Spreader stokers. Spreader stokers operate on by a waste heat boiler. The combustion system
the combined principles of suspension burning is essentially the same as the "controlled-air"
and nonagitated type of grate burning. Par- incinerator described in paragraph 2-5(b)(5).
ticulate emissions from spreader stoker fired The type of boiler used for RDF depends on the
boilers are much higher than those from fuel characteristics of the fuel. Fine RDF is fired in
bed burning stokers such as the traveling grate suspension. Pelletized or shredded RDF is fired
design, because much of the burning is done in on a spreader stoker. RDF is commonly fired in
suspension. The fly ash emission measured at combination with coal, with RDF constituting
the furnace outlet will depend upon the firing 10 to 50 percent of the heat input.
rate, fuel sizing, percent of ash contained in the
fuel, and whether or not a fly ash reinjection
system is employed.

(3) Pulverized coal burners. A pulverized coal
fired installation represents one of the most
modern and efficient methods for burning most
coal types. Combustion is more complete
because the fuel is pulverized into smaller par-
ticles which require less time to burn and the
fuel is burned in suspension where a better
mixing of the fuel and air can be obtained.
Consequently, a very small percentage of
unburned carbon remains in the boiler fly ash.
Although combustion efficiency is high, sus-
pension burning increases ash carry over from
the furnace in the stack gases, creating high
particulate emissions. Fly ash carry over can be
minimized by the use of tangentially fired
furnaces and furnaces designed to operate at
temperatures high enough to melt and fuse the
ash into slag which is drained from the furnace
bottom. Tangentially fired furnaces and slag-tap
furnaces decrease the amount of fuel ash a. Combustion parameters. In all fossil fuel burning
emitted as particulates with an increase in NO boilers, it is desirable to achieve a high degree of com-x

emissions. bustion efficiency, thereby reducing fuel consumption
(4) Fuel oil burners. Fuel oil may be prepared for and the formation of air pollutants. For each particular

combustion by use of mechanical atomizing type fuel there must be sufficient time, proper tem-
burners or twin oil burners. In order for fuel oil perature, and adequate fuel/air mixing to insure com-
to be properly atomized for combustion, it must plete combustion of the fuel. A deficiency in any of
meet the burner manufacturer's requirements these three requirements will lead to incomplete
for viscosity. A fuel oil not heated to the proper combustion and higher levels of particulate emission in
viscosity cannot be finely atomized and will not the form of unburned hydrocarbon. An excess in time,
burn completely. Therefore, unburned carbon temperature, and fuel/air mixing will increase the boiler
or oil droplets will exit in the furnace flue gases. formation of gaseous emissions (NO ). Therefore,

3-4. Emission standards
The Clean Air Act requires all states to issue regula-
tions regarding the limits of particulate, SO   and NOx   x

emissions from fuel burning sources. State and local
regulations are subject to change and must be reviewed
prior to selecting any air pollution control device.
Table 31 shows current applicable Federal Regulations
for coal, fuel oil, and natural gas. The above allowable
emission rates shown are for boilers with a heat input
of 250 million British thermal units (MMBtu) and
above.

3-5. Formation of emissions

x
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there is some optimum value for these three
requirements within the boiler's operating range which
must be met and maintained in order to minimize
emission rates. The optimum values for time,
temperature, and fuel-air mixing are dependent upon
the nature of the fuel (gaseous, liquid or solid) and the
design of the fuel burning equipment and boiler.

b. Fuel type.
(1) Gaseous fuels. Gaseous fuels burn more readily

and completely than other fuels. Because they
are in molecular form, they are easily mixed
with the air required for combustion, and are
oxidized in less time than is required to burn
other fuel types. Consequently, the amount of
fuel/air mixing and the level of excess air
needed to burn other fuels are minimized in gas
combustion, resulting in reduced levels of
emissions.

(2) Solid and liquid fuels. Solid and liquid fuels
require more time for complete burning
because they are fired in droplet or particle
form. The solid particles or fuel droplets must
be burned off in stages while constantly being
mixed or swept by the combustion air. The size
of the droplet or fired particle determines how
much time is required for complete combus-
tion, and whether the fuel must be burned on a
grate or can be burned in suspension. Systems
designed to fire solid or liquid fuels employ a
high degree of turbulence (mixing of fuel and
air) to complete combustion in ‘the required
time, without a need for high levels of excess
air or extremely long combustion gas paths. As
a result of the limits imposed by practical boiler
design and necessity of high temperature and
turbulence to complete particle burnout, solid
and liquid fuels develop higher emission levels
than those produced in gas firing.

3-6. Fuel selection
Several factors must be considered when selecting a
fuel to be used in a boiler facility. All fuels are not
available in some areas. The cost of the fuel must be
factored into any economic study. Since fuel costs vary
geographically, actual delivered costs for the particular
area should be used. The capital and operating costs of
boiler and emission control equipment vary greatly
depending on the type of fuel to be used. The method
and cost of ash disposal depend upon the fuel and the
site to be used. Federal, state and local regulations may
also have a bearing on fuel selection. The Power Plant
and Fuel Use Act of 1978 requires that a new boiler
installation with heat input greater than 100 MMBtu
have the capability to use a fuel other than oil or
natural gas. The Act also limits the amount of oil and
natural gas firing in existing facilities. There are also
regulations within various branches of the military

service regarding fuel selection, such as AR 420-49 for
the Army's use.

3-7. Emission factors
Emission factors for particulates, SO  and NO , arex  x

presented in the following paragraphs. Emission factors
were selected as the most representative values from a
large sampling of boiler emission data and have been
related to boiler unit size and type, method of firing
and fuel type. The accuracy of these emission factors
will depend primarily on boiler equipment age,
condition, and operation. New units operating at lower
levels of excess air will have lower emissions than esti-
mated. Older units may have appreciably more. There-
fore, good judgement should accompany the use of
these factors. These factors are from, Environmental
Protection Agency, "Compilation of Air Pollutant
Emission Factors". It should be noted that currently
MSW and RDF emission factors have not been estab-
lished.

a. Particulate emissions. The particulate loadings in
stack gases depend primarily on combustion efficiency
and on the amount of ash contained in the fuel which
is not normally collected or deposited within the boiler.
A boiler firing coal with a high percentage of ash will
have particulate emissions dependent more on the fuel
ash content and the furnace ash collection or retention
time than on combustion efficiency. In contrast, a
boiler burning a low ash content fuel will have particu-
late emissions dependent more on the combustion effi-
ciency the unit can maintain. Therefore, particulate
emission estimates for boilers burning low ash content
fuels will depend more on unit condition and operation.
Boiler operating conditions which affect particulate
emissions are shown in table 3-2. Particulate emission
factors are presented in tables 3-3, 3-4, 3-5 and 3-6.

b. Gaseous emissions.
(1) Sulfur oxide emissions. During combustion,

sulfur is oxidized in much the same way carbon
is oxidized to carbon dioxide (CO ). Therefore,2

almost all of the sulfur contained in the fuel will
be oxidized to sulfur dioxide (SO ) or sulfur2

trioxide (SO ) in efficiently operated boilers.3

Field test data show that in efficiently operated
boilers, approximately 98 percent of the fuel-
bound sulfur will be oxidized to SO , one per-2

cent to SO , and the remaining one percent3

sulfur will be contained in the fuel ash. Boilers
with low flue gas stack temperatures may pro-
duce lower levels of SO emissions due to the2  

formation of sulfuric acid. Emission factors for
SO  are contained in tables 3-3, 3-4, 3-5, andx

3-6.
(2) Nitrogen oxide emissions. The level of nitrogen

oxides (NO ) present in stack gases dependsx

upon many variables. Furnace heat release rate,
temperature, and excess air are major variables
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affecting NO  emission levels, but they are not color but is generally observed as gray, black, white,x

the only ones. Therefore, while the emission brown, blue, and sometimes yellow, depending on the
factors presented in tables 3-3, 3-4, 3-5, and 3- conditions under which certain types of fuels or
6 may not totally reflect on site conditions, they materials are burned. The color and density of smoke
are useful in determing if a NO  emission is often an indication of the type or combustionx

problem may be present. Factors which problems which exist in a process.
influence NO  formation are shown in table 3-7. a. Gray or black smoke is often due to the presencex

of unburned combustibles. It can be an indicator that3-8. Opacity
Visual measurements of plume opacity (para 5-3j) can
aid in the optimization of combustion conditions. Par-
ticulate matter (smoke), the primary cause of plume
opacity, is dependent on composition of fuel and effi-
ciency of the combustion process. Smoke varies in

fuel is being burned without sufficient air or that there
is inadequate mixing of fuel and air.

b. White smoke may appear when a furnace is oper-
ating  under conditions of too much excess air. It may
also be generated when the fuel being burned contains
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excessive amounts of moisture or when steam atomiza- MMBtu) to grains per standard cubic foot (gr/std ft )
tion or a water quenching system is employed. dry basis is accomplished by equation 3-1.

c. A blue or light blue plume may be produced by
the burning of high sulfur fuels. However; the color is
only observed when little or no other visible emission
is present. A blue plume may also be associated with
the burning of domestic trash consisting of mostly
paper or wood products.

d. Brown to yellow smoke may be produced by pro-
cesses generating excessive amounts of nitrogen diox-
ide. It may also result from the burning of semi-solid
tarry substances such as asphalt or tar paper encoun-
tered in the incineration of building material waste.

3-9. Sample problems of emission estima-
ting

a. Data Conversion. Pounds per million Btu (lb/

3
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b. Sample Problem Number 1. An underfed stoker (b) 65 pounds/ton x ton/2000 pounds = .0325
fired boiler burns bituminous coal of the analysis pound of particulate/pound of coal
shown below. If this unit is rated at 10 MM Btu per
hour (hr) of fuel input, what are the estimated emission
rates?

(1) Using table 3-3 (footnote e), particulate emis- (a) 38 x .7% sulfur = 26.6 pounds of SO /ton
sions are given as 5A pound/ton of coal of coal
where A is the percent ash in the coal. (b) 26.6 pounds/ton = ton/2000 pounds =

(a) 5x13% ash = 65 pounds of particulate/ton .0133 pound of SO /pound of coal
of coal.

(2) Using table 3-3, SO emissions are given as2 

38S pound/ton of coal, where S is the
percent sulfur in the coal.

2

2
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(3) Using table 3-3, NOx emissions are given as (5) If the oxygen in the flue gas is estimated at 5
15 pounds/ton of coal. percent by volume, what is the dust con-

(a) 15 pounds/ton x ton/2000 pounds = .0075 centration leaving the boiler in grains/stand-
pound of NOx/pound of coal ard cubic foot (dry)?

(4) If particulate emission must be reduced to .2

pounds/MMBtu, the required removal effi-
ciency is determined as,

Using equation 3-1
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c. Sample Problem Number 2. A boiler rated at 50
MMBtu/hr burns fuel oil of the analysis shown below.
What are the estimated emission rates?

(1) Using table 3-4, particulate emissions are
given as [10(S) + 3] pound/I 000 gal, where (2) Using table 3-5 (footnote d), NO  emissions
S is the percent sulfur in the fuel oil. are given as 120 pound/MCF of natural gas.

(2) Using table 3-4, SO emissions are given as2 

157S pound/1000 gal, where S is the percent
sulfur in the fuel oil. e. Sample Problem Number 4. A spreader stoker

(3) Using table 3-4, NO  emissions are given as particulate emission rate from this boiler?x

[22 + 400 (N) ] pound/1000 gal, where N is (1) Using table 3-6, the bark firing particulate2

the percent nitrogen in the fuel oil. emission rate is given as 50 pounds/ton of

d. Sample Problem Number 3. A commercial boiler     (13 x 10) pound/ton x 1000 pound/hr x
rated at 10 MMBtu/hr fires natural gas with a heating ton/2000 pound = 65 pounds/hr of
value of 1000 Btu/ft . What are the estimated particu- particulate from coal.3

late and NO  emission rates? (3) The total particulate emission rate from thex

(1) Using table 3-5, particulate emissions are boiler is,
given as a maximum of 15 pound per million     50 pounds/hr from bark + 65 pounds/hr
cubic feet (MC F) of natural gas. from coal = 115 pounds/hr

x

fired boiler without reinjection burns bark and coal in
combination. The bark firing rate is 2000 pound/hr.
The coal firing rate is 1000 pound/hr of bituminous
coal with an ash content of 10 percent and a heating
value of 12,500 Btu/pound. What is the estimated

fuel.
    50 pounds/ton x ton/2000 pounds x 2000
pound/hr = 50 pounds/hr of particulate from
bark.

(2) Using table 3-3, the coal firing particulate
emission rate for a heat input of 12.5
MMBtu/hr is 13A pounds/ton of fuel.


